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PROBLEM TO BE SOLVED: To provide catalyst 
particles with high activity which can show the activity 
for a plurality of kinds of substances. 
SOLUTION: The catalyst particle consists of a base 
particle 1 having a nano-meter order primary particle 
size and made of one kind of a single fine particle or 
a solid solution fine particle of two or more kinds, and 
a surface coating layer 2 consisting of one or more 
kinds of noble metals or noble metal oxides and 
covering at least a part of the surface of the base 
particle 1 with the thickness of 1 to 30 atomic layers. 




http://wwl9.ipdLncipi.go jp/PAl/result/detail/main/wAAAHiaqsmD^^ 6/9/2006 



Searching PAJ 



Page 2 of 2 



LEGAL STATUS 

[Date of request for examination] 1 5.06.2004 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other 
than the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's 
decision of rejection] 

[Date of requesting appeal against 
examiner's decision of rejection] 

[Date of extinction of right] 



http://wwl9.ipdl.ncipi.gojp/PAl/result/detaiymain/wAAAHiaqsmDA415080 6/9/2006 



JP,2003-080077,A [CLAIMS] 



Page 1 of 2 



* NOTICES * 

JPO and NCXPI are not responsible for any 
damages caused by "the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely, 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The catalyst particle characterized by becoming the radical particle (1) which is a kind of 
simple substance particle or two or more sorts of solid-solution particles with the diameter of a 
primary particle of nano meter order, and the metals more than a kind which covers a part of front 
face [ at least ] of this radical particle or those derivatives more. 

[Claim 2] Said radical particle (1) is a catalyst particle according to claim 1 characterized by 
consisting of what was chosen from a metallic oxide, metallic carbide, and a carbon material. 
[Claim 3] Said metallic oxide is a catalyst particle according to claim 2 characterized by consisting 
of a kind of simple substance chosen from the oxides and those derivatives of Ce, Zr, aluminvun, Ti, 
Si, Mg, W, and Sr, or two or more sorts of solid solutions. 

[Claim 4] Said metallic carbide is a catalyst particle according to claim 2 or 3 characterized by 
consisting of SiC or its derivative. 

[Claim 5] Said carbon material is claim 2 characterized by being graphite thru/or the catalyst particle 
of any one publication of four. 

[Claim 6] Claim 1 characterized by being the ultrafme particle in which the metals or those 
derivatives more than a kind which covers a part of front face [ at least ] of said radical particle (1) 
have the particle size of less than 50nm thru/or the catalyst particle of any one publication of five. 
[Claim 7] Claim 1 characterized by being the enveloping layer (2) which the metals or those 
derivatives more than a kind which covers a part of front face [ at least ] of said radical particle (1) 
become from 1-30 atomic layer thru/or the catalyst particle of any one publication of five. 
[Claim 8] The metals or those derivatives more than a kind which covers a part of front face [ at 
least ] of said radical particle (1) are claim 1 characterized by purity being 99% or more of thing - 
thru/or the catalyst particle of any one publication of seven. 

[Claim 9] Claim 1 to which said a part of [ a part of / not the whole front face but ] radical particle 
(1) is characterized by being covered with the metals or those derivatives more than said kind thru/or 
tiie catalyst particle of any one publication of eight, 

[Claim 10] Claim 1 characterized by the metals more than said kind or those derivatives being a 
simple substance more than a kind chosen from Pt, Rh, Pd, Au, Ag, Ru, and those oxides, or two or 
more sorts of solid solutions thru/or the catalyst particle of any one publication of nine. 
[Claim 11] Claim 1 characterized by the sintering inhibitor (3) which the melting point becomes 
from a metal or a metallic oxide 1500 degrees C or more existing in the front face of said radical 
particle (1) thru/or the catalyst particle of any one publication often. 

[Claim 12] Said sintering inhibitor (3) is a catalyst particle according to claim 1 1 characterized by 
being the layer which consists of 1 - 30 atomic layer. 

[Claim 13] Said sintering inhibitor (3) is a catalyst particle according to claim 1 1 characterized by 
being an ultrafine particle with the particle size of less than 50nm. 

[Claim 14] Said sintering inhibitor (3) is claim 1 1 characterized by consisting of a kind of simple 
substance chosen from the oxides and those derivatives of aluminvun, Mg, calcium, Ce, Sr, Zn, W, 
and Mo, or two or more sorts of solid solutions thru/or the catalyst particle of any one pubUcation of 
13. 

[Claim 15] Said sintering inhibitor (3) is claim 1 1 characterized by 1 - 20 % of the weight existing 
thru/or the catalyst particle of any one publication of 14 to the metals or those derivatives more than 
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a kind which covers a part of front face [ at least ] of said radical particle (1). 
[Claim 1 6] The manufacture approach of the catadyst particle characterized by forming said radical 
particle (1) which is the approach of manufacturing claim 1 thru/or the catalyst particle of any one 
publication of 15, and by which surface [ at least / a part of] was covered with the metals or those 
derivatives more than said kind by evaporating two or more sorts of source materials in coincidence 
within a vacuum tub (10). 

[Claim 17] The manufacture approach of the catalyst particle according to claim 16 characterized by 
arranging the evaporation source (18b) of the source material which serves as metals more than said 
kind, or those derivatives from the evaporation source (18a) of the source material used as said 
radical particle (1) in the upper part within said vacuum tub (10). 

[Claim 18] The manufacture approach of a catalyst particle according to claim 16 or 17 that the 
method which evaporates said source material is characterized by being a resistance heating method. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the catalyst particle of nano meter order especially 
about the catalyst particle used for the object for automobile exhaust air purification, the object for 
fuel cells, and environmental purification. 
[0002] 

[Description of the Prior Art] For example, noble metals, such as Pt, Pd, and Rh, are used as a 
catalyst for purifying injurious ingredients, such as HC, CO, NOx, etc. which are contained in the 
exhaust gas of an automobile etc. In order to raise a touch area with exhaust gas, as a particle, these 
noble metals for catalysts are supported by the front face of support, such as an alimiina, and are 
purifying the injurious ingredient. 

[0003] In recent years, a thing to which the regulations of exhaust gas, such as an automobile, are 
becoming still severer steadily and for which it is more efficient for the catalyst for emission gas 
purification, and purification of an injurious ingredient is carried out to it is desired, similarly, also in 
the catalyst for fuel cells (for example, catalysts, such as a reaction of hydrogen and oxygen, and 
methanol reforming), and the catalyst for environmental purification, the purification engine 
performance and a function are improved further — it is necessary to make — more ~ high ~ 
development of an activity catalyst is expected. 

[0004] It is possible to atomize a noble-metals particle and to enlarge a touch area with an injurious 
ingredient etc. as one of the cures against the improvement in effectiveness of a precious metal 
catalyst. However, by the conventional support approach, only the noble-metals particle of 
submicron order (about hundreds of nm) can be obtained, but improvement in the specific surface 
area of the further catalyst is barred, and since it is such, an appearance of the noble-metals particle 
catalyst of nano meter order (nano order, about 1 OOnm or less) is desired. 

[0005] Then, in the above backgrounds, development of the noble-metals particle of nano order with 
a large touch area is progressing aiming at the further high activation. For example, the metal particle 
of nano order is made to support on gammaaliraiinum 203 in the ** table No. 5 10042 [ 2000 to ] 
official report etc. using the sputtering method. Moreover, the particle 20nm or less is made to 
support on the support of aluminum203 grade in JP,2000-15098,A using the electron ray 
coincidence irradiating method. 
[0006] 

[Problem(s) to be Solved by the Invention] however, since [ above-mentioned ] each **, in the 
official report, although support can be made to support the noble-metals particle of nano order, it 
has not been Umited especially about the configurations (a configuration, singularity, etc.) of those 
noble-metals particle front faces. 

[0007] Furthermore, generally, in the catalyst for purification, only to the harmful matter of a 
specific class, characteristic decomposition activity is not shown and universal activity is not 
necessarily shown to two or more kinds of harmful matter. For this reason, although how to use it 
combining the catalyst of the varieties according to the class of harmful matter can be considered 
when the exhaust gas containing the harmful matter of varieties etc. needs to be processed 
effectively, in the official report, reference is not made about the contents about these combination, 
and effectiveness conventionally [ above-mentioned ]. 
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[0008] Then, this invention aims at offering the manufacture approach that it is high activity more 
and the possible catalyst particle and such a catalyst particle of activity being shown to two or more 
kinds of matter can be manufactured, in view of the above-mentioned problem. 

[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the catalyst particle 
characterized by becoming the metals more than a kind which covers with invention according to 
claim 1 to 10 a part of front face [ at least ] of the radical particle (1) which is a kind of simple 
substance particle or two or more sorts of soUd-solution particles with the diameter of a primary 
particle of nano meter order, and this radical particle, or those derivatives more is offered. 
[0010] Here, the diameter of a primary particle is a path of one particle, a kind of simple substance 
particle is a particle which consists of a kind of element or compoimd, and two or more sorts of 
solid-solution particles are particles from which two or more sorts of elements or compounds serve 
as the solid solution. Moreover, in this invention, the solid solution includes the condition which 
Matter A and B mixed, and the condition of Matter A and B reacting and differing from early 
structure. 

[001 1] The catalyst particle of this invention makes the radical particle of nano meter order support, 
and a part of front face [ at least ] of this radical particle is covered with the metals or those 
derivatives more than a kind. 

[0012] therefore ~ while being made to the size of nano meter order (lOOnm or less extent) as the 
one whole catalyst particle — the precious metal catalyst particle of the conventional mere nano 
meter order ~ specific surface area — large ~ high — it is made to an activity thing. 
[0013] And by this invention, it can be made that in which a radical particle also has catalytic 
activity, and since it can choose so that it may become what shows catalytic activity to matter which 
is mutually different in the metals or those derivatives more than a radical particle and a kind, 
activity can be shown to two or more kinds of matter by one sort of catalyst particles. Therefore, 
according to this invention, it is high activity more and the possible catalyst particle of activity being 
shown to two or more kinds of matter can be offered. 

[0014] Moreover, it is made to what consists of what was chosen from a metallic oxide, metallic 
carbide, and a carbon material as a radical particle (1). As a metallic oxide, a kind of simple 
substance chosen from the oxides and those derivatives of Ce, Zr, aluminum, Ti, Si, Mg, W, and Sr 
or two or more sorts of solid solutions are employable concretely, as metalUc carbide, SiC or its 
derivative can be adopted and graphite can be adopted as a carbon material. In addition, M is the 
above-mentioned metal and can change various x and y into a wind called MxOy in the notation as a 
metallic oxide. [0015] Here, although the metals or those derivatives more than a kind which covers 
a part of radical particle [ at least ] (1) can be covered with the form of a particle, or the form of a 
layer, in the case of a particle, it is desirable [ derivatives ] that it is an ultrafine particle with the 
particle size of less than 50nm. It is because it becomes difficult for it to be too large in it being 
50nm or more in particle size, and to cover the radical particle front face of nano meter size. 
[0016] On the other hand, in the case of a layer, it is desirable that it is the enveloping layer (2) 
which consists of one to 30 atomic layer. Since reservation of the size of nano meter order is 
becoming it difficult that a surface coating layer is thicker than 30 atomic layers as the one whole 
catalyst particle, or the surface coating layer itself particle-izes and specific surface area becomes 
small, it is not desirable. 

[0017] Moreover, as for the metals or those derivatives more than a kind which covers a part of 
radical particle [ at least ] (1), it is desirable that purity is 99% or more of thing. 
[001 8] Furthermore, it is desirable that a part of [ a part of / not the whole front face but ] radical 
particle (1) is covered with the metals or those derivatives more than a kind. By doing in this way, 
when it is that in which a radical particle has catalytic activity, the property of a radical particle can 
be effectively harnessed through the front face of the radical particle exposed without being covered 
with the metals or those derivatives more than a kind. 

[0019] Moreover, as the metals or those derivatives more than a kind, the simple substance more 
than a kind chosen from Pt, Rh, Pd, Au, Ag, Ru, and those noble-metals oxides or two or more sorts 
of solid solutions are employable. 

[0020] By the way, if a catalyst particle is used under elevated temperatiu-es of near 1000 degree C, 
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such as a catalyst for emission gas purification, a labile specific surface area may fall by a particle 
migration [ *♦** / that a lifting and particles combine sintering (sintering) with heat / a sxirface 
coating layer ] and coarse-grain-izing unitedly etc, 

[0021] Invention according to claim 1 1 to 15 prevents the problem of this sintering, and is 
characterized by the sintering inhibitor (3) to which the melting point becomes the fi-ont face of a 
radical particle (1) fi-om a metal or a metallic oxide 1500 degrees C or more existing in the catalyst 
particle of any one publication of claim 1 - claim 10. 

[0022] Here, even if the sintering inhibitor which exists in the front face of a radical particle exists 
on the metal more than a kind which covers the front face of a radical particle, or the front face of 
those derivatives, it may exist in the part without the metals or those derivatives more than this kind. 
[0023] Since according to this invention the stable sintering inhibitor exists in the front face of a 
radical particle even if it uses it under the elevated temperature to about 1500 degrees C, association 
of the particles by sintering, association of the metals more than a kind or those derivatives, etc. are 
prevented, it controls that a labile specific surface area falls, and the catalyst particle excellent in 
elevated-temperature endurance becomes realizable. 

[0024] As for this sintering inhibitor (3), it is desirable for it to have been constituted as a layer 
which consists of 1 - 30 atomic layer, or to have been constituted as an ultrafine particle with the 
particle size of less than 50nm, in order to secure the size of nano meter order as the one whole 
catalyst particle. 

[0025] What consists of a kind of simple substance chosen from the oxides and those derivatives of 
aluminum, Mg, calcium, Ce, Sr, Zn, W, and Mo or two or more sorts of solid solutions as a sintering 
inhibitor (3) concretely is employable. 

[0026] Moreover, as for a sintering inhibitor (3), it is desirable that 1-20 % of the weight exists to 
the metals or those derivatives more than a kind which covers a part of front face [ at least ] of a 
radical particle (1). There is little effectiveness of a sintering inhibitor at 1 or less % of the weight, 
and it is for specific surface area [********] to fall sharply by the sintering inhibitor at 20 % of the 
weight or more conversely. 

[0027] Moreover, invention according to claim 16 to 18 is the approach of manufacturing the 
catalyst particle of any one publication of claim 1 - claim 15, and is characterized by forming the 
radical particle (1) by which surface [ at le2ist / a part of] was covered with the metals or those 
derivatives more than a kind by evaporating two or more sorts of source materials in coincidence 
within a vacuum tub (10). 

[0028] By using a coincidence evaporation method like the manufacture approach of this invention, 
the catalyst particle of any one publication of claim 1 - claim 15 can be manufactured appropriately. 
[0029] Here, it is more desirable than the evaporation source (18a) of the source material used as a 
radical particle (1) to arrange the evaporation source (18b) of the source material used as the metals 
more than a kind or those derivatives in the upper part within a vacuum tub (10). It is because the 
metals or those derivatives more than a kind can be grown up in hetero epitaxial to the radical 
particle formed previously by evaporating in the lower part. 

[0030] Moreover, as a method which evaporates a source material, it is desirable that it is a 
resistance heating method because of improvement in mass-production nature and the crystallinity of 
an ingredient. 

[0031] In addition, the sign in the parenthesis of each above-mentioned means is an example which 
shows correspondence relation with the concrete means of a publication to the operation gestalt 
mentioned later. 
[0032] 

[Embodiment of the Invention] Hereafter, the operation gestalt which shows this invention in 
drawing is explained. Drawing 1 is drawing showing typically the catalyst particle concerning the 
operation gestalt of this invention. In dravying 1 , 1 is a radical particle and this radical particle 1 is a 
kind of simple substance particle or two or more sorts of solid-solution particles with the diameter of 
a primary particle of nano meter order (henceforth nano order). 

[0033] Here, the diameter of a primary particle of the radical particle 1 is a path of one radical 
particle 1, and means that the diameter of a primary particle is usually lOOnm or less as the diameter 
of a primary particle is nano order. In this example, the diameter of a primary particle of the radical 
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particle 1 is a Inm - about 50nm thing. 

[0034] Moreover, as a radical particle 1, a kind of simple substance particle is a particle which 
consists of a kind of element or compounds, such as a ceramic metallurgy group, and two or more 
sorts of soHd-solution particles are particles from which two or more sorts of an element or 
compounds, such as a ceramic metallurgy group, serve as the sohd solution. 

[0035] It is made to what consists of what was chosen from a metallic oxide, metalUc carbide, and a 
carbon material as such a radical particle 1 . As a metalUc oxide, a kind of simple substance chosen 
from the oxides and those derivatives of Ce, Zr, aluminum, Ti, Si, Mg, W, and Sr or two or more 
sorts of solid solutions are employable concretely, as metallic carbide, SiC or its derivative can be 
adopted and graphite can be adopted as a carbon material. 

[0036] Especially as the production approach of the radical particle 1 which is a particle of such 
nano order, although not limited, a coprecipitation method, a sol gel process, plating, etc. are raised. 
Moreover, what is necessary is just to adjust suitably the description of these two or more sorts of 
solid solutions, a presentation ratio, etc., in order not to limit the description of two or more sorts of 
solid solutions, especially a presentation ratio, etc. and to raise purification engine performance, such 
as the temperature characteristic and a dxu-able property. 

[0037] And the metals or those derivatives more than a kind should have covered a part of such a 
front face [ at least ] of the radical particle 1 with this operation gestalt. Here, with the metals more 
than a kind, or those derivatives, noble metals or a noble-metals oxide with a catalyst fimction etc. 
can be used. 

[0038] And the metals or those derivatives more than these kinds are made to adhere to the front face 
of the radical particle 1 as an ultrafine particle with the particle size of less than 50nm, or it is made 
to adhere to the front face of the radical particle 1 as an enveloping layer which consists of 1 or two 
or more atomic layers, thus — if an ultrafine particle or an enveloping layer is made to form on the 
radical particle 1 of nano order — high ~ an activity catalyst particle is realizable. This is considered 
to be based on the following reasons. 

[0039] If particle size only becomes small, since specific surface area will become large, a site with 
catalytic activity will increase and it can become a catalyst particle with high activity. Therefore, 
even if it reduces the amount of catalysts, the engine performance of present condition level can be 
satisfied. 

[0040] The case where this is applied to the catalyst for emission gas purification of an automobile 
about the effectiveness of this operation gestalt in addition to it, using Pt as an ultrafine particle 
which exists on cerium oxide (Seria) and a radical particle as a radical particle is explained to an 
example. 

[0041] Seria which is a radical particle has the oxygen absorption/emission ability (oxygen occlusion 
desorption function) which absorbs and emits oxygen, when the oxygen density in exhaust gas is 
high, Ce oxidizes and it becomes 4+, and oxygen is incorporated and it serves as Ce02. Moreover, 
when an oxygen density is low, Ce is returned, and it becomes 3+ and is set to CeO 3/2. 
[0042] In this case, it is thought that the way which dissociated and changed into the atomic 
condition O tends to go in and out rather than O dyad frequents the interior of direct ceria. It is 
thought that Pt which is a catalyst is, on the other hand, carrying out the role which helps 
dissociation of oxygen. Therefore, the direction where the co-catalyst and the catalyst are more close 
can go oxygen in and out quickly, and can say that it excels in an oxygen occlusion desorption rate. 
[0043] If it is made the catalyst particle which made the ultrafine particle or the surface coating layer 
form on the radical particle of nano order from the above thing, it not only calls it high activity, but 
specific surface area is high and it can respond to change of the oxygen density in exhaust gas 
inunediately. 

[0044] moreover, the thing which particle size makes a less than 50nm ultrafine particle only exist in 
the front face of the radical particles 1 , such as Seria, — high ~ forming the surface coating layer of a 
number atomic layer in crystalline radical particle front faces, such as Seria, as a catalyst bed 
especially, although an activity catalyst particle can be obtained — more — high — an activity catalyst 
particle can be obtained. 

[0045] This reason is because the grids structure in which the catalyst bed of the number atomic 
layer made to form in the front face of the radical particle 1 reflected the crystal structure of a radical 
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particle can be taken. That is, since the direction which makes them adhere to the front face of the 
radical particle 1 , using [ direction ] the metals or those derivatives more than a kind as an 
enveloping layer takes different structure from the grids structure of the front face in the case of only 
existing as an ultrafine particle, an electronic state changes and it is thought that catalytic activity 
increases. 

[0046] Therefore, the surface coating layer 2 should be formed in a part of front face [ at least ] of 
the radical particle 1 in the example shown in drawing 1 . Hereafter, the focus described below 
although this operation gestalt is explained based on the example of dravying 1 is appUed even when 
the surface coating layer 2 is tremsposed to the ultrafine particle which covers the front face of the 
radical particle 1 . 

[0047] This surface coating layer 2 consists of one or more sorts of the noble metals or the noble- 
metals oxides which cover the front face of the radical particle 1 with the thickness of one to 30 
atomic layer. It is made to what consists of a simple substance more than a kind chosen from noble 
metals and those noble-metals oxides, such as Pt, Rh, Pd, Au, Ag, and Ru, or two or more sorts of 
solid solutions as a surface coating layer 2. 

[0048] The surface coating layer 2 of this 1-30 atomic-layer level is very ****, its crystallinity is 
high, and although there is no lattice defect and an impurity shows few layers, it is desirable that the 
purity of the noble metals more than a kind which constitutes the surface coating layer concemed, or 
a noble-metals oxide is 99% or more. Such description and purity of the surface coating layer 2 can 
be checked by the TEM image, an elemental-analysis method, etc. 

[0049] As the formation approach of this surface coating layer 2, although a coincidence evaporation 
method, a coprecipitation method, a sol gel process, plating, etc. are raised, the coincidence 
evaporation method is excellent in the reason for the abiUty to obtain uniform complex on nano 
level. <BR> [0050] Thus, the catalyst particle of this operation gestalt is thinly covered with the 
thickness of atomic layer level (about several nm) called one to 30 atomic layer by making the 
radical particle 1 of nano order into support by the surface coating layer 2 in which a part of front 
face [ at least ] of this radical particle 1 has a catalyst function. 

[0051] therefore — while being made to the size of nano order (lOOnm or less extent) as the one 
whole catalyst particle also including the surface coating layer 2 ~ the precious metal catalyst 
particle of the conventional mere nano order specific surface area — large — high — it is made to an 
activity thing. 

[0052] In addition, since reservation of the size of nano order is becoming it difficult that the surface 
coating layer 2 is Ihicker than 30 atomic layers as the one whole catalyst particle, or surface coating 
layer 2 the very thing particle-izes and specific surface area becomes small, it is not desirable. 
[0053] About the thickness in the case of this surface coating layer 2, the case of Pt is further 
explained to an example. The interlayer spacing of a difference of Pt of a certain thing is about 
0.2nm somewhat by field bearing. With this operation gestalt, although it is desirable to form the 
surface coating layer 2 with the coincidence evaporation method which is a gaseous-phase method as 
mentioned above, 30 or more atomic layers mean that the thickness of Pt layer is 6nm or more in the 
surface coating layer 2. 

[0054] On an old experience, if a difficult thing and the thickness of a laminating increase, the 
reflection effectiveness of carry out [ with a coincidence evaporation method / a 30 or more atomic 
layer laminating ] of the crystal structure of the radical particle 1 expected from the surface coating 
layer 2 decreases, as a result the property as a catalyst particle will become strong and its merit will 
decrease also as a surface coating layer. Let thickness of the surface coating layer 2 be one to 30 
atomic layer from the above thing. 

[0055] It is because it becomes difficult for this to be too large in it being 50nm or more in particle 
size, and to cover the radical particle front face of nano meter size with the case of an ultrafine 
particle incidentally, although the thing with not a convention but the particle size of less than 50nm 
by the above-mentioned atomic layer to do for a thing is desirable. 

[0056] Moreover, in this operation gestalt, it can be made that in which the radical particle 1 also has 
catalytic activity, and since it can choose so that it may become what shows catalytic activity to 
matter which is mutually different in the radical particle 1 and the surface coating layer 2, activity 
can be shown to two or more kinds of matter by one sort of catalyst particles. 
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[0057] Although it does not xmderstand well about a detail mechanism since it seems that it 
described above, a catalyst function can actually be raised in multiplication and a catalyst particle 
with high decomposition activity becomes realizable to two or more toxic materials. 
[0058] Concretely, as combination of the radical particle 1 by which the coat was carried out in the 
surface coating layer 2 which can expect the synergistic effect of a catalyst function, Ce02 particle 
by which the coat was carried out in Pt, the Ce02-Zr02 dissolution particle by which the coat was 
carried out in Pt, Ti02 particle [ TO / Au / particle / KO 1 ], the carbon particle by which the coat 
was carried out in Pt are raised. 

[0059] In this way, according to this operation gestalt, it is high activity more and the possible 
catalyst particle of activity being shown to two or more kinds of matter can be offered. 
[0060] Furthermore, in this operation gestalt, it is desirable that a part of [ a part of / not the whole 
front face but ] radical particle 1 is covered with the surface coating layer 2. By doing in this way, 
when it is that in which the radical particle 1 is not mere support and has catalytic activity, the 
property of the radical particle 1 can be effectively hamessed through the front face of the radical 
particle 1 exposed without being covered with the surface coating layer 2. 
[0061] For example, as a catalyst particle of this operation gestalt, what covered Ce02 (radical 
particle 1) with Pt (surface coating layer 2) is used as a catalyst for emission gas purification of an 
automobile, as mentioned above. Although Pt which is the surface coating layer 2 functions as a 
catalyst to which oxidation of HC and reduction of NOx are carried out at this time, Ce02 which is 
the radical particle 1 functions as a co-catalyst with the function (oxygen absorption/emission 
ability) which absorbs and emits oxygen. 

[0062] Therefore, according to the excess and deficiency of the oxygen in the ambient atmosphere 
(exhaust gas) of the perimeter of a catalyst, by emitting oxygen from Ce02 or absorbing oxygen to 
Ce02, the oxygen Eimbient atmosphere for performing oxidation of HC and reduction of NOx can be 
realized appropriately, and emission gas purification can be performed appropriately. 
[0063] And although it is thought that such work is effectively performed in the boundary section of 
both with whom Ce02 and Pt are in contact By covering a part of [ a part of / not the whole front 
face but ] Ce02 particle which is the radical particle 1 with Pt layer which is the surface coating 
layer 2, as shown in drawing 1 For example, compared with the configuration which was mixed 
simply and has touched, the particle 100 of Ce02 as shown in drawing 2 , and the particle 200 of Pt 
can make [ many ] the field of the boundary section concemed, and are effective. 
[0064] As for the covering rate of radical particle 1 front face by the surface coating layer 2 in this 
operation gestalt, what can check by a TEM image etc. and covers about 0.5 - 60% of the front face 
of the radical particle 1 with this invention person's etc. examination, for example is desirable. 
[0065] Moreover, in the catalyst particle aim at the use under the elevated temperature of near [, such 
£is a catalyst for emission gas purification, ] 1 000 degree C for the catalyst particle of this operation 
gestalt, a lifting and a particle move [ a particle ] sintering with heat, particles may join together or a 
labile specific surface area [ in / by the surface coating layer 2 move and join together, £uid coarse 
grain-ize on the radical particle 1, etc. / a catalyst particle ] may fall. 

[0066] Then, in this operation gestalt, in order to prevent the problem of this sintering, it is desirable 
that the sintering inhibitor 3 which the melting point becomes from a metal or a metallic oxide 1500 
degrees C or more exists in the front face of the radical particle 1. The catalyst particle of this 
operation gestalt equipped with this sintering inhibitor 3 is typically shown in drawing 3 . 
[0067] Even if the sintering inhibitor 3 which exists in the front face of the radical particle 1 exists 
on the front face of the surface coating layer 2, it may exist in the part without the surface coating 
layer 2. What consists of a kind of simple substance chosen from the oxides and those derivatives of 
aluminum, Mg, calcium, Ce, Sr, Zn, W, and Mo or two or more sorts of solid solutions as a sintering 
inhibitor 3 concretely is employable. 

[0068] There are two roles of this sintering inhibitor 3. First, one point is controlling the surface 
coating layer 2 on the radical particle 1, or sintering of the above-mentioned ultrafine particle, and 
controlling the fall of specific surface area etc. under an elevated temperature. One more point is 
controlling sintering of radical particle 1 comrades and controlling the fall of specific surface area 
etc. under an elevated temperature. 

[0069] Thus, by making the sintering inhibitor 3 exist in the front face of the radical particle 1 Since 
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the sintering inhibitor 3 stabilizes and exists in the front face of the radical particle 1 even if it uses it 
under the elevated temperature to about 1500 degrees C although the specific surface area 
[********]in the first stage falls a little. Association of particles, association of surface coating 
layers, etc. by sintering are prevented, it controls that a labile specific surface area falls, and the 
catalyst particle excellent in elevated-temperature endurance becomes realizable. 
[0070] It is desirable for it to have been constituted as a configuration of this sintering inhibitor 3 as 
a layer which consists of one to 30 atomic layer, or to have been constituted as an ultrafine particle 
with the particle size of less than 50nm. This is for securing the size of nano order as the one whole 
catalyst particle by restricting the thickness of a layer and the magnitude of a particle which 
constitute the sintering inhibitor 3. 

[0071] Moreover, as for the sintering inhibitor 3, it is desirable that 1 - 20 % of the weight exists to 
the surface coating layer 2. There is little effectiveness of the sintering inhibitor 3 at 1 or less % of 
the weight, and it is for specific surface area [********] to fall sharply by the sintering inhibitor 3 
at 20 % of the weight or more conversely. 

[0072] Especially as the production approach of such a sintering inhibitor 3, it is not limited and you 
may form in the surface coating layer 2 and coincidence with a coincidence evaporation method etc., 
and after forming the surface coating layer 2, the sintering inhibitor 3 may be added by the 
electroless deposition method, the ball mill method, etc. 

[0073] Next, the example of the manufacture approach of manufacturing what carried out the coat of 
the Ce02 particle (radical particle 1) which is the radical particle 1 in Pt (surface coating layer 2) is 
described using a coincidence evaporation method suitable as the manufacture approach of the 
catalyst particle of this operation gestalt. The outline sectional view of the vacuum tub 10 used for 
the coincidence evaporation method of this example at drawing 4 is shown. 

[0074] first, about 1.5 times of the amoimt of the request [ opening / 12 / raw material supplement ] 
of a source material to evaporation Hara 18 in the vacuum tub 10 (resistance heating boat) — 
supplying . The reason to supply [ more ] than a desired amoimt originates in **** of this technique 
being about 70 percent. 

[0075] Although any of Ce metal, Pt metal or a CeO dioxide, and a PtO dioxide are sufficient as a 
source material, as for the purity, it is desirable from 99% that it is a high grade of 99.9 to 99.999% 
preferably 99.999%. Moreover, any of the shape of a tablet (tablet), a green compact, and a sintered 
compact are sufficient as the configuration of a source material. 

[0076] Then, evacuation is preferably carried out to 5.0xlO-9Torr 5.0x10 to 3 Torr with a vacuum 
pump 13. Then, the predetermined oxygen gas or the gaseous helium of an amount is introduced 
from the 02 gas inlet 14 and the helium gas inlet 15. In order that oxygen gas may oxidize a source 
material, in order not to make it return, it introduces that the inside of the vacuum tub 10 should be 
made an oxidizing atmosphere, and gaseous helium is introduced for pressure regulation, 
[0077] such gas pressure — the question of 0.01 to lOOTorr(s) — it is between 0.1 to lOTorr(s) 
preferably, and an oxygen gas partial pressure is ten to 30-mol% preferably between zero to 70- 
mol%. Furthermore, these gas maintains fixed gas pressure with actuation exhaust air of a vacuum 
pump 13, 

[0078] Then, from the refrigerant inlet 16, refiigerants, such as liquid nitrogen or liquid helium, are 
introduced into the cylindrical substrate 17, and this substrate 17 is cooled. This substrate 17 is 
rotating by the motor etc., as shown in the arrow head of drawing 4 . Then, in the evaporation source 
18 in the vacuum tub 10, one to four kinds of source materials are evaporated in coincidence. 
[0079] Under the present circxmfistances, arrangement of an evaporation source 18 (18a, 18b) 
arranges evaporation source 1 8a of the Ce02 grade which is a source material used as a co-catalyst 
(radical particle 1) through bearing-bar 18' in the lower part of evaporation source 18b, such as Pt 
which is a source material used as a catalyst (surface coating tub 2), as shown in drawing 5 . 
[0080] Under the present circumstances, as for the spacing d and h of each evaporation Hara 
(resistance heating boat) 18a and 1 8b shown in drawing 5 , it is desirable that the spacing h of the 
height direction is 0 to 100mm, and the lateral spacing d is about 0 to 50mm. 
[008 1 ] Moreover, although the physical relationship over a substrate 1 7 receives the structure and 
the property with an ingredient which are acquired and hardly influences them, it is desirable that 
evaporation Hara 1 8a of a co-catalyst (radical particle) is arranged rather than evaporation Hara 1 8b 
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of a catalyst (surface coating tub) at a side far from a substrate 17, and the distance of a substrate 17 
and evaporation sources 18a and 18b has 10 to about 200 desirablemm on the occasion of the 
improvement in ****. 

[0082] However, since the numeric value about such distance is greatly influenced by the 
configuration of the vacuum tub 10, it cannot be overemphasized that it should optimize in each 
vacuum tub. And by changing the numeric value about such distance, the condensation degree of the 
source material which evaporated can change and particle size can be changed now. 
[0083] here ~ as evaporation sources 18a and 18b ~ physical evaporation methods, such as a 
resistance heating method, a high-frequency-induction-heating method, a spatter method, and a laser 
ablation method, — although technique is almost applicable, for improvement in mass-production 
nature and the crystallinity of an ingredient, a resistance heating method is desirable. The resistance 
heating method is adopted in this example. 

[0084] Moreover, as shown in drawing 6 , various combination is possible also for arrangement of 
evaporation sources 1 8a and 1 8b, and it is not restricted to the source evaporation of two. In drawing 
6 , in (a), the example of the source evaporation of two of this example and (b) show the example of 
the soiu*ce evaporation of three, and (c) shows the example of the source evaporation of five. 
[0085] In addition, in (b) and (c), a source material mutually different, respectively is sufficient as 
two evaporation soxirce 18for co-catalysts a, and evaporation source 18b for two catalysts. Moreover, 
evaporation source 1 8c for the additives in (c) can be used as an evaporation source of the source 
material used as the above-mentioned sintering inhibitor 3. Moreover, arrangement of an evaporation 
source as shown in drawing 6 (d) and (e) depending on the case may be adopted. 
[0086] In this way, in the evaporation sources 18a and 18b in the vacuvmi tub 10, two or more sorts 
of source materials which evaporated in coincidence become gas-like, and as shown in drawing 5 , it 
becomes producible [ the end of composite powder it mixed to homogeneity on nano order level by 
mixing immediately ]. - 
[0087] Moreover, even if it uses metals, such as Ce and Pt, as a source material in this case, these 
oxidize with the oxygen gas immediately introduced in the vacuum tub 10, and change to Ce02 and 
Pt02 those part or all of whose is an oxide. 

[0088] Evaporation sources 18a and 18b moreover, by arranging, as shown in drawing 5 or dravying 
6 Ce02 particle which condensed previously and was formed by evaporating in the lower part 
because PtO two-layer grows in hetero epitaxial, so that it may consider as a substrate so to speak 
The catalyst particle of the end of Ce02 composite powder it has desired Pt coverage and a desired 
covering gestalt (gestalt of an enveloping layer or an ultrafine particle), i.e., this operation gestalt, is 
producible. 

[0089] Moreover, since the substrate 1 7 is cooled with the refi*igerant after evaporation these end of 
Ce02 composite powder, it is conveyed, without adhering to the front face of a substrate 1 7 instead 
of the wall of the vacuum tub 10 altematively, scratching immediately in the end of powder, failing 
to be scratched with the dropping rod 19, and exposing to atmospheric air to the compression- 
molding tub 20. 

[0090] One shaft is pressurized by the compression-molding tub 20 after the completion of 
evaporation these end of Ce02 composite powder. Although impressed pressure is 1000MPa(s) from 
lOOkPa(s), if a pressure is too high, in order that surface area may decrease, lOMPa extent from 
IMPa is desirable. 

[0091] Thus, although Ce02 (radical particle 1) becomes possible [ producing Ce02/Pt02 pellet 
covered with Pt02 (surface coating layer 2) ], Pt covering Ce02 pellet with which Pt02 was 
returned by annealing this ingredient in a vacuum or reducing atmosphere and by which Ce02 
(radical particle 1) was covered in Pt (surface coating layer 2) can be obtained. 
[0092] In the case of annealing in a vacuiun, the conditions of 200 degrees or more perform the 
conditions of reduction 10 minutes or more with the degree of vacuum (preferably 1x10 -7 or more 
Torrs) of 5x10 to 3 or more Torrs. In the case of annealing in reducing atmosphere (for example, the 
case in a hydrogen ambient atmosphere), it carries out 10 minutes or more on the conditions of 150 
degrees or more in the hydrogen (99.9% or more of high grade gas) of 100 ml/min. About these 
conditions (temperature, time amount, etc.), it caimot be overemphasized that it changes with the 
sizes and the configurations of a sample. 
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[0093] Thus, surface [ at least / a part of ] can manufacture the catalyst particle of this operation 
gestalt appropriately by forming ttie radical particle 1 covered with tihe surface coating layer 2 or the 
ultrafine particle by using the coincidence evaporation method which evaporates two or more sorts 
of source materials in coincidence within the vacuum tub 10. 

[0094] Although the example of the catalyst particle by this invention is explained with the example 
of a comparison below, it cannot be overemphasized that the target catalyst in this invention is the 
catalyst particle of the nano order to which tiie coat of the noble metals was carried out on 1 - 30 
atomic-layer level, can apply broadly the object for emission gas purification, the object for 
environmental purification, the object for fuel cells, etc. in many fields, and is not limited to an 
example. 
[0095] 

[Example] With the above-mentioned coincidence evaporation method, the catalyst particle of the 
following examples 1 - an example 6 was produced. 

[0096] (Example 1) It is the weight ratio CeO 2 as the source material (co-catalyst raw material) 
which serves as a co-catalyst (radical particle 1) in Ce metal, and a source material (catalyst raw 
material) which serves as a catalyst (sxirface coating tub 2) in Pt02 :P Ce02 particle in which t= 
100:1 carried out Pt coat was produced. 

[0097] (Example 2) It is the weight ratio CeO 2, using Pt02 as a catalyst raw material by using Ce 
metal as a co-catalyst raw material :P Ce02 particle in which t= 100:10 carried out Pt coat was 
produced. 

[0098] (Example 3) It is the weight ratio CeO 2 as a source material (additive) which serves as a 
catalyst raw material in a co-catalyst raw material and Pt02, and serves as [ metal / Ce ] the sintering 
inhibitor 3 in aluminum 203 :P 20alimiinvim3 addition of t:aluminum2O3=100:10:0.1 and Ce02 
particle carried out Pt coat were produced. 

[0099] (Example 4) It is the weight ratio CeO 2, using aluminum 203 as an additive for Ce metal by 
using a co-catalyst raw material and Pt02 as a catalyst raw material :P 20aliuninum3 addition of 
t:aluminum2O3=100:10:l and Ce02 particle carried out Pt coat were produced. 
[0100] (Example 5) It is the weight ratio CeO 2, using aluminum 203 as an additive for Ce metal by 
using a co-catalyst raw material and Pt02 as a catalyst raw material :P 20aluminum3 addition of 
t:aluminum2O3=100:10:10 and Ce02 particle carried out Pt coat were produced. 
[0101] (Example 6) It is the weight ratio CeO 2, using aluminum 203 as an additive for Ce metal by 
using a co-catalyst raw material and Pt02 as a catalyst raw material :P 20aluminum3 addition of 
t:aluminum203=l 00: 10:25 and Ce02 particle carried out Pt coat were produced. 
[0102] (Example 1 of a comparison) As the manufacture approach of Ce02 particle which carried 
out Pt coat, a coprecipitation method is mentioned to others. The production approach in this case is 
as follows. The predetermined amount of the water-soluble salts (for example, a chloride, a nitrate, a 
sulfate, etc.) of Ce and Pt is dissolved into water-soluble solvents, such as pure water or ethanol. 
[0103] To the obtained water solution, alkaline solutions, such as ammonia and a sodium hydroxide, 
are gradually dropped so that pH may become seven or more. The concentration (O.lNs or less) of 
the alkaline solution in this case is so desirable that it is thin. As soon as an alkaline solution is 
dropped, precipitate of the hydroxide of Pt is formed in Ce list. 

[0104] Precipitate of the obtained hydroxide is exceeded through a filter paper, and the mixed 
powder which consists of a hydroxide of Ce and Pt by rinsing with pure water 3 times fi-om 2 times, 
and filtering is obtained. It is carrying out temporary quenching (about 600 degrees' being desirable 
fi*om 400 degrees, although temporary-quenching temperature's is about 1000 degrees fi-om 300 
degrees) of the obtained powder in atmospheric air, and the end of composite powder it consists of 
Ce02 and Pt is obtained. Under the present circumstances, since Pt is matter which is very easy to be 
retumed, even if it is among atmospheric air, it is easily returned by making it an elevated 
temperature, and it serves as a metal and deposits. 

[0105] In this way, although the obtained powder is the powder mixed by homogeneity in nano 
meter size, it is the mixture of the mere particle of Ce02 and Pt (refer to above-mentioned drawing 
2 ), and those bonding strength is small compared with an example. Moreover, it is very difficult to 
control particle diameter and a compounding ratio (presentation ratio), and there are many 
impurities. 
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[0106] Thus, a pellet is produced by carrying out 1 shaft pressurization molding (1 to lOMPa extent 
being desirable in order that surface area may decrease, if a pressxire is too high although impressed 
pressure is lOOOMPa(s) from 1.) of the end of composite powder it was obtained. 
[0107] It is the weight ratio CeO 2, using a co-catalyst raw material, and PtC14 and 5H20 as a 
catalyst raw material for CeC13 and xH20 in this example 1 of a comparison using the above- 
mentioned coprecipitation method :P Ce02 particle in which t= 100:10 carried out Pt coat was 
produced. 

[0108] Front planar observation and the pvirification performance evaluation of a toxic material were 
performed about the above-mentioned examples 1-6 and the example 1 of a comparison. 
[0109] (Front face observation of description) XRD, TEM, etc. were used and analyzed in order to 
check the shape of the particle diameter of the catalyst particle produced in the above-mentioned 
examples 1-6 and the example 1 of a comparison, and surface type etc. 

[0110] Consequently, it has checked that the catalyst particle of examples 1-6 was thinly covered 
with the thickness of atomic layer level (about several nm) called one to 30 atomic layer by Pt layer 
(surface coating layer) in which a part of front face of Ce02 particle has a catalyst function by 
making Ce02 particle (radical particle) of nano order into co-catalyst support. 
[01 1 1] Since the peak which the impurity peak was not checked but was detected was more sharp 
than the XRD measurement result, it turned out that the particle of examples 1 -6 is produced in 
99.9% or more of pxirity. 

[0112] Moreover, when the example 2 was described as an example as a result of TEM observation, 
it turned out that the coat of the Pt of about 2-3nm (number atomic layer) extent is carried out on 
Ce02 with a primary particle diameter of about 5nm. Moreover, this result as well as XRD showed 
that such a precise crystal was formed that a lattice is observable. Moreover, the result of ICP 
measurement showed that Ce and Pt existed by the ratio of Ce:Pt=90: 10 in the front face. 
[0113] On the other hand, in the example 1 of a comparison, xmusual appearances (impurity), such as 
a start raw material, were also checked besides the peak of Ce02 and Pt by XRD measurement, and 
purity was only about 98%. Moreover, in TEM observation, although Ce02 particle with about 
lOnm diameter of a primary particle has been checked, imlike the above-mentioned example, the 
shape of front planarity W2is not precise. 

[0114] furthermore — according to [ the difference between an example and the example of a 
comparison has appeared in the specific surface area of a catalyst particle, and the specific siu"face 
area of an example 2 is large with 83.6ni2/g as opposed to the specific surface area of the example 1 
of a comparison being 14.2m2/g, and ] the above-mentioned example ~ the precious metal catalyst 
particle of the conventional mere nano meter order — specific surface area — large ~ high — it turned 
out that it is made to an activity thing. 

[0115] (Purification performance evaluation of a toxic material) In order that the above-mentioned 
example might check that high activity is shown to a toxic gas, the purification engine performance 
was evaluated using the catalyst particle pellet produced in top ******** 1-6 and the example 1 of a 
comparison. 

[0116] After producing the phiSmm pellet which consists of a particle of each example and the 
example of a comparison, a screen grinds from phi0.85mm to 1.7mm, and five cc of ground 
granulation is set in quartz-glass tubing. Under the 50 degrees C - 400 degrees C condition, from the 
entrance side of the glass tube concerned, the gas chromatography analyzed the capacity and gas 
constituents which come out propylene gas from the outlet side of a sink and a glass tube, and the 
temperature at the time of propylene gas purifying 50% (purification temperature) was measured. 
[01 17] the result of having measured the purification temperature of each example — an example 1 — 
170 degrees C and an example 2, in 160 degrees C and the example 4, 155 degrees C and an example 
5 showed 170 degrees C, and 150 degrees C and an example 3 showed 200 degrees C by 185 degrees 
C and the example 1 of a comparison in the example 6. Thus, compared with the example 1 of a 
comparison, in the examples 1-6, the purification engine performance was improving sharply and it 
has checked that it was low-temperature activity. 

[0118] Although it does not understand for details about this cause, it is thought by having carried 
out the coat of the Pt of the thickness of number atomic layer level that it is a cause that the specific 
surface area in a catalyst particle improved. Moreover^ when this result considers purification at this 
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temperature, it can say that the catalyst by this invention is little and functions compared with the 
existing thing, and it can be predicted that it contributes also to a cost cut. 

[0119] However, in the example 6 which added many sintering inhibitors (alvmiinum 203), although 
the improvement in the purification engine performance is found, compared with other examples, the 
purification engine performance has, fallen a little. Since this has too many additions of aluminum 
203, it is considered that do cover many of Pt layers (surface coating layer), and activity will fall. 
[0120] Next, in order to evaluate the stability of the catalyst particle in an elevated temperature, after 
leaving it at a 1000-degree C furnace for 24 hours, the same approach as the first stage estimated the 
purification engine performance, and the temperature at the time of propylene gas purifying 50% 
(purification temperature) was measured. 

[0121] the result of having measured the purification temperature of each example — an example 1 — • 
210 degrees C and an example 2, in 205 degrees C and the example 4, 190 degrees C and an example 
5 showed 190 degrees C, and 205 degrees C and an example 3 showed 250 degrees C by 195 degrees 
C and the example 1 of a comparison in the example 6. 

[0122] In the examples 1 and 2 and the example 1 of a comparison which have not added aluminum 
203 £is a sintering inhibitor, since Pt carries out sintering at the time of an elevated temperature, 
specific surface area falls and catalytic activity also falls, the purification engine performance has 
fallen. Moreover, it tumed out that sintering has occurred and the effectiveness which controls 
sintering is not fully acquired in this addition in the example 3 with few additions of a sintering 
inhibitor. 

[0123] To these, in the examples 4-6, there was little purification performance degradation after 
elevated-temperature neglect, and it was able to be shown clearly by the sintering inhibitor that it has 
a surface structure which can be equal also to the use in an elevated temperature. 
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* NOTICES * 

JPO and NCIPl are not: responsible tor any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing typically the catalyst particle concerning the operation gestalt of 
this invention. 

[Drawing 2] It is drawing showing the catalyst particle as an example of a comparison typically. 
[Drawing 3] It is drawing showing typically the catalyst particle equipped with the sintering inhibitor 
in the above-mentioned operation gestalt. 

[Drawing 4] It is the outline sectional view of a vacuum tub used for the coincidence evaporation 
method as the manufacture approach of the catalyst particle concerning the operation gestalt of this 
invention, 

[Drawing 5] It is drawing showing arrangement of the evaporation source in the vacuum tub shown 
in drawing 4 . 

[Dravying 6] It is drawing shoving the various arrangement gestalten of the above-mentioned 
evaporation source. 
[Description of Notations] 

1 [ — A vacuum tub, 18a/ — The evaporation source of the source material used as a radical particle, 
18b / — Evaporation source of the source material used as a surface coating layer. ] — A radical 
particle, 2 — A surface coating layer, 3 — A sintering inhibitor, 1 0 

[Translation done.] 



http ://www4 . ipdl .ncipi . go . j p/cgi-bin/tran_web_cgi_ejj e 6/9/2006 



JP,2003-080077,A [DRAWINGS] 



Page 1 of 3 



* NOTICES * 

iJPO and NCIPI are no^b responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 




[Drawing 4] 
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[Drawing 5] 




[Drawing 6] 
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least a part of the surface of the base particle 1 with 
the thickness of 1 to 30 atomic layers. 
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